INTRODUCTION
Empirical research continues to endeavour to reconcile the divergent findings of individual-level studies that imply a negative effect of unemployment on health and recent population-level studies concluding a positive 'net-effect' of unemployment rates on health. 1 2 Since the early debates about the effects of economic conditions on health, 3 4 procyclical variation in mortality has been observed in a variety of high-income contexts, [5] [6] [7] [8] [9] [10] [11] [12] [13] with some evidence suggesting that the effects were stronger for men compared with women. 5 9 For example, an analysis using aggregate data from 23 Organisation for Economic Co-operation and Development countries showed that a one percentage-point decrease in the national unemployment rate was associated with a 0.4% increase in total mortality over the period from 1960 to 1997. 13 Important exceptions to studies showing procyclical variation in mortality are instances of severe economic crisis. 14 15 Health behaviours, including tobacco use, alcohol consumption and physical inactivity, are among the leading preventable contributors to mortality, and are one of the primary mechanisms posited to explain procyclical patterns of mortality when they occur. [16] [17] [18] First, during economic downturns, households may reduce consumption of goods, including those that are harmful to health like alcohol and tobacco. Second, average hours worked may decline during downturns, resulting in a lower opportunity cost to engaging in health-promoting activities, including exercise and physical activity. Third, following the 'selfmedication' hypothesis, reductions in employmentrelated stress may result in decreased substance use, although this may be outweighed by the stresses of unemployment and of remaining employed during periods of high job loss. [19] [20] [21] A mediating role of health behaviours in explaining procyclical variation in mortality implies that, on average, health behaviours improve during economic downturns, although, according to the 'inhibition hypothesis', the effects of downturns may vary depending on individual employment circumstances, 2 22 implying a potentially heterogeneous effect of economic conditions on health behaviours. 23 The effect of economic conditions on health behaviours, as well as whether the effect is modified by individual-level characteristics such as gender or employment status, remains unclear. Using microdata from the US Behavioral Risk Factor Surveillance System (BRFSS), Ruhm 7 9 24 showed that an increase in the state unemployment rate was associated with lower prevalence of smoking, alcohol consumption, obesity and physical inactivity, with effects concentrated among the heaviest substance users, the severely obese and the completely inactive. Conversely, other US and European evidence suggests that unemployment is positively associated with excessive alcohol consumption and alcohol-related mortality. 25 26 In this study, we estimated the total and genderspecific effects of local economic conditions in US metropolitan areas before and after the onset of the 'Great Recession' beginning in 2007 27 on smoking, alcohol consumption, weight and physical activity. Additionally, we examined the 'inhibition hypothesis' by testing whether the effect of local economic conditions on health behaviours varied by individual-level employment status.
METHODS Sample
Data were drawn from the 2003-2010 BRFSS Selected Metropolitan/Micropolitan Area Risk Trends (SMART) project. 28 BRFSS is a telephone survey administered collaboratively by the Centers for Disease Control and the US state and territory governments for the purpose of measuring health risk behaviours, preventive health practices and healthcare access among the non-institutionalised adult population aged 18 years and older. 29 BRFSS SMART provides estimates for selected metropolitan and micropolitan statistical areas and metropolitan divisions (together labelled Metropolitan Statistical Areas and Metropolitan Divisions (MMSAs) 30 ) with at least 500 BRFSS respondents. Whereas BRFSS is designed to provide state-level estimates, SMART utilises sampling weights poststratified by demographic characteristics, including age and gender, to provide MMSA-level estimates. Our sampling frame included 1 231 517 BRFSS respondents from 90 distinct metropolitan statistical areas (MSAs) and metropolitan divisions in 46 states, plus the District of Columbia, which were included in all BRFSS quarters between 2003 and 2010. For the purposes of these analyses, we limited our data set to 944 159 respondents 25 years of age or older with complete information on covariates of interest; sample sizes per MMSA are shown in online supplementary eTable 1. The Institutional Review Board of McGill University approved the study.
Outcome measures
Outcomes included self-reported measures of alcohol consumption, smoking, obesity and exercise. We used the number of days a respondent reported drinking (with a drink defined as one 12 oz beer, one 5 oz glass of wine or one shot of liquor) and the average number of drinks per day when drinking over the past 30 days to estimate the number of alcoholic drinks consumed in the past month and average daily alcohol consumption over the past 30 days. Heavy alcohol consumption was defined as average daily consumption greater than two drinks for men and one for women based on the NIAAA definition of at-risk or heavy drinking. 31 Consistent with prior studies, we censored 329 (0.03%) observations exceeding an average of 16 drinks/day or 24 drinks on days when drinking. 24 Self-report of smoking cigarettes every day or on some days was used to create binary indicators for regular and occasional smoking, respectively. A binary indicator for attempted smoking cessation identified current smokers who had, in the previous 12 months, ceased smoking for at least a day with the intention of quitting.
Nutritional status was measured by body mass index (BMI), calculated using self-reported height and weight (weight(kg)/ (height(m)
2 ). 32 Binary indicators for 'overweight or obese', 'obese' and 'severely obese' were created based on BMI cutpoints of ≥25, ≥30 and ≥35, respectively. Differential misreporting of height and weight may bias measurement of BMI. 33 We adopted the correction method described by Cawley and Burkhauser 34 and used coefficients from a nationally representative regression of measured weight and height on self-reported values in the Third National Health and Nutrition Examination Survey to predict true BMI values in BRFSS that were corrected for self-report bias. Values of BMI <14 or BMI >80 (n=439, 0.06%) were considered improbable and censored. A binary exercise variable indicated whether respondents reported participating in any form of physical activity or exercise outside of their regular occupation in the previous month.
Primary exposure
The primary indicator of economic conditions was the quarterly MMSA-level unemployment rate, defined as the proportion of the civilian labour force unemployed among those actively seeking work. 35 Seasonally adjusted unemployment rates, which smooth month-to-month volatility attributable to changes in weather, harvests, major holidays and the opening and closing of schools, were collected from the Bureau of Labor Statistics Local Area Unemployment Statistics database. 36 Seasonally adjusted unemployment rates were unavailable for MMSAs within six New England states; rates for these MMSAs were computed from county-level data for New England MMSAs and were not seasonally adjusted.
Individual-level covariates
Individual level sociodemographic characteristics included age, gender, employment status (employed, unemployed >1 year, unemployed <1 year, retired, being a student or homemaker or unable to work), race/ethnicity (white, black, Hispanic, other), educational attainment (less than high-school, high-school completion, some college/technical school, college graduate or higher), annual household income (<$10 000-$14 999, $15 000-$24 999, $25 000-$34 999, $35 000-$49 999, $50 000-$74 999, ≥$75 000) and marital status (married or cohabitating, divorced or separated, widowed, never married).
Statistical analyses
We estimated, for individual i, the effect of the local unemployment rate on health behaviours using a series of ordinary least squares (OLS) regression models of the general form Y ijt ¼ a j þ b 1 E jt þ l t þ 1 ijt ; where b 1 measures the effect of a one percentage-point increase in the quarterly MMSA-level unemployment rate (E jt , where j indexes the MMSA and t the quarter) on our health behavioural outcomes of interest (Y ijt ). All models included fixed effects for MMSA (a j ) and quarter (l t ) to control for unobserved time-invariant confounders that vary across MMSAs, and any temporal trends in health behaviours that are shared across MMSAs, respectively. The effects of economic conditions were therefore identified by changes occurring within an MMSA relative to corresponding changes within others. 8 9 24 In the first model, we estimated the age-adjusted and genderadjusted effect of the unemployment rate on health behaviours, controlling for MMSA and quarter fixed effects (model 1). The coefficient for the unemployment rate, b 1 , gives the causal effect of unemployment on health behaviours provided that the MMSA and quarter fixed effects suffice to control for confounding of the effect of the unemployment rate on individual health behaviours. Model 1 assumes that there are no omitted state-specific trends that may confound the effect of the unemployment rate. Second, in model 2, we additionally controlled for measured individual-level sociodemographic characteristics. Third, to address potential unobserved confounding by MMSA-specific temporal trends, we added an interaction between MMSA and time represented by the product of the MMSA fixed effect and a continuous indicator for quarter (model 3). Fourth, we investigated the effect of the unemployment rate on health behaviours (model 2) after lagging unemployment by one-quarter, E jtÀ1 (model 4). Fifth, we estimated gender-specific effects of the unemployment rate on health behaviours. For these analyses, we estimated models 1-4 as described above, but included a product term between the unemployment rate and gender. We additionally included product terms between gender and MMSA fixed effects (to control for time-invariant differences across MMSAs in the effect of gender on health behaviours) and between gender and quarter fixed effects (to control for gender differences in overall secular trends). Similar analyses were used to assess whether the effect of the unemployment rate on health behaviours varied by individual employment status (a test of the 'inhibition hypothesis'). All models used the BRFSS SMART sampling weights and we used robust SEs to account for clustering at the MMSA level. 37 
Sensitivity analyses
We assessed the robustness of our principal findings in several ways. First, for binary outcomes we compared our least squares regression estimates (model 2) with those from logistic regression models. Second, we repeated all analyses using unemployment rates unadjusted for seasonality. Third, we tested for a non-linear effect of the unemployment rate on health behaviours by introducing a quadratic unemployment rate to model 2. Fourth, we assessed the effect of another proxy for economic conditions, the MMSA-specific employment-population ratio (EP ratio), on health behaviours in place of the unemployment rate, E jt . The EP ratio includes discouraged workers and represents the proportion of the civilian non-institutional population that is employed. 38 Details regarding the calculation of MMSA-specific EP ratios are provided in the eAppendix. Fifth, we assessed whether the effect of the EP ratio on health behaviours was modified by individuallevel gender and employment status. Table 1 shows the frequencies and distributions of the primary exposure, outcome measures and other covariates over the study period from 2003 through 2010. The mean MMSA-specific unemployment rate increased markedly between 2007 (4.5%) and 2010 (9.3%). On average, respondents consumed 11.6 drinks of alcohol in the previous month and 5% of the sample reported heavy alcohol consumption. There was a monotonic decline in prevalence of current smoking over the study period, decreasing from 15.8% in 2003 to 10.8% in 2010. The mean BMI increased monotonically from 27.5 in 2003 to 28.3 in 2010. On average, 1.3% of respondents were classified as underweight, 32.1% as normal weight, 37.2% as overweight and 29.3% as obese. Roughly, 75% of respondents reported participating in exercise outside of their occupation in the previous month.
RESULTS
As indicated by model 2, a one percentage-point increase in unemployment (0.4 SDs) was associated with 0.15 (95% CI −0.31 to 0.01) fewer drinks consumed in the past month or a decrease of 1.3% relative to the sample mean (table 2) . Similarly, a one percentage-point increase in unemployment was associated with a 0.14 (95% CI −0.28 to 0.00) percentage-point decrease in the prevalence of heavy drinking, equivalent to a 2.8% decrease relative to the sample mean. Unemployment was not consistently associated with the average number of drinks consumed when drinking. The general conclusion of an inverse effect of unemployment on alcohol consumption was robust to alternative model specifications (eg, inclusion of MMSA-specific time trends in model 3). The effects of the lagged unemployment rate on alcohol consumption (model 4) were similar to the contemporaneous effects from model 2.
Changes in the unemployment rate were not associated with the probability of being a regular or occasional smoker. However, a one percentage-point increase in the unemployment rate was associated with a 0.78 (95% CI −1.38 to −0.17) percentagepoint decrease in the prevalence of attempting to quit smoking in the previous year (corresponding to a 1.4% decrease relative to the sample mean), although this result was not robust to inclusion of MMSA-specific time trends (model 3). Changes in the unemployment rate were consistently not associated with changes in BMI, obesity or physical activity in the past month across model specifications.
The effect of the unemployment rate varied by gender for certain health behaviours (table 3) . For example, a one percentage-point increase in unemployment was associated with 0.27 (95% CI −0.55 to 0.00) and 0.03 (95% CI −0.13 to 0.07) fewer drinks consumed in the past month among men and women, respectively. Additionally, a one percentage-point increase in the unemployment rate was associated with a 0.32 (95% CI −0.61 to −0.02) percentage-point decrease in the prevalence of regular smoking among men, but a 0.01 (95% CI −0.22 to 0.23) increase among women. There was limited evidence of gender differences in the effect of the unemployment rate on health behaviours for other outcomes.
Variations in the effect of unemployment on health behaviours by individual employment status are given in table 4. Effects among the employed, who comprised two-thirds of the sample, were similar in magnitude to those for the total sample. For some health behaviours, the effect of the unemployment rate was stronger in magnitude for individuals unemployed for greater than 1 year than for the total sample. For example, among those unemployed for greater than 1 year, a one percentage-point increase in the unemployment rate was associated with a 0.78 (95% CI −1.78 to 0.20) fewer drinks consumed in the past month, a 0.25 (95% CI −0.74 to 0.25) percentage-point decrease in the prevalence of heavy drinking, and a 2.8 percentage-point decrease in the prevalence of attempting to quit smoking in the previous year; however, this group comprised 2% of the sample and we were most likely underpowered to detect these effects. An increase in the unemployment rate was positively associated with obesity and negatively associated with physical activity in the past month among retirees.
We used alternative model specifications to test the robustness of our main results presented in table 2. For binary health behaviours, results using logistic regression models were similar to those from OLS specifications (eTable 2). The effects on health behaviours of a one percentage-point increase in the seasonally unadjusted unemployment rate were nearly equivalent to those for the seasonally adjusted unemployment rate (eTable 3). There was no evidence for a non-linear effect of the unemployment rate for any health behaviours (eTable 4). As anticipated, the effects of the MSA-specific EP ratio on health behaviours were generally in the direction opposite to those reported for the unemployment rate; however, these effects were not statistically significant, most likely due to the smaller sample used in the EP ratio analyses (eTable 5), and there was no evidence of modification of the effect of the EP ratio on health behaviours by gender (eTable 6). Similar to the unemployment rate, the effects of the EP ratio on health behaviours were, for alcohol-related health behaviours, most pronounced among individuals unemployed for greater than 1 year (eTable 7).
DISCUSSION
We used the most recent data available from the US BRFSS to estimate the effect of the recent recession on preventable contributors to mortality, including alcohol consumption, cigarette use and obesity and exercise. Our analyses suggest that an increase in the unemployment rate was associated with a small decrease in alcohol-related health behaviours and that men primarily drove these procyclical effects. The effects of the recession on other health behaviours were largely null. Additionally, the effects of local-area unemployment were similar across employment groups, although the prevalence of unhealthy behaviours was higher among unemployed individuals.
Earlier findings indicating countercyclical variation in mortality 4 39 40 have been challenged over time [41] [42] [43] by the inference that economic downturns may be beneficial to health, [5] [6] [7] [8] [9] [10] [11] [12] although there are exceptions in the case of severe economic crises, including the collapse of the Former Soviet Union 15 and the Mexican financial crisis.
14 While individual unemployment is detrimental to health, it may be less problematic for one's health to be unemployed at a time when many others are unemployed, and those who remain employed may have better health during recessions, these recent empirical studies suggest. Health behaviours have been one of the primary mechanisms hypothesised to explain procyclical variation in mortality, yet With respect to drinking behaviours, we found that the MMSA-specific unemployment rate was associated with fewer drinks consumed in the past month, a decreased prevalence of heavy drinking, and fewer drinks consumed when drinking, results that are consistent with the hypothesis that health behaviours explain procyclical fluctuations in mortality. These effect sizes, however, were relatively small. For example, a one percentage-point increase in unemployment was estimated to decrease the number of drinks consumed on drinking occasions and, in the past month, by approximately one-hundredth and one-sixth of a drink, respectively. There was some evidence that men drove the procyclical effects we observed for alcoholrelated health behaviours. Our results contrast with recent work, also using BRFSS, which suggests that the Great Recession was associated with an increase in abstention from alcohol consumption, as well as increases in heavy drinking and frequent binge drinking. 44 However, this analysis used a prepost design that makes it difficult to rule out bias, particularly unmeasured confounding.
In contrast to prior work covering periods that predate the Great Recession, 7 9 our results essentially showed no effect of the unemployment rate on health behaviours aside from alcohol consumption, including smoking and physical activity in the prior month, although the unemployment rate was negatively associated with the prevalence of regular smoking among men, but not women. Disparate findings may reflect true heterogeneity in the effect of the unemployment rate on health behaviours. It is plausible, for instance, that the effect may vary depending on the severity of the economic downturn. 25 We tested whether the effect of economic conditions on health behaviours was modified by individual-level employment status. The negative effects of the MMSA-specific unemployment rate on the prevalence of alcohol-related health behaviours were greater in magnitude for the longer-term unemployed than for other employment groups, a finding inconsistent with the hypothesis that procyclical fluctuations in mortality are explained by the adoption of healthier behaviours among those who remain employed during downturns. 2 22 A negative association between the unemployment rate and alcohol-related health behaviours among the unemployed may be explained by income effects or the individual experience of unemployment having less detrimental effects when experienced in the context of large numbers of people losing jobs than when experienced in isolation. The results are consistent with previous findings that incident job loss is associated with the adoption of unhealthier behaviours at the individual level 45 but suggest that the impact is moderated by the environment. Conversely, if individuals who lose jobs during recessions are, on average, healthier than those already unemployed and unhealthier than those who remain employed, then an increase in the unemployment rate may have the effect of improving health behaviours, on average, for both the employed and unemployed groups over time.
There were several limitations to our analyses. First, assessment of health behaviours in BRFSS is based on self-report and may be measured with error. For example, the assessment of physical activity in BRFSS does not solicit information on the frequency or duration of exercise. We attempted to account for measurement error when possible, including a correction for misreporting of height and weight, and any under-reporting of unhealthy behaviours would only bias results if the extent of under-reporting fluctuated with economic conditions. Second, residual confounding is always a concern, but we attempted to . †Model 1 includes fixed effects for MMSA and quarter and controls for age and gender. ‡Model 2 includes fixed effects for MMSA and quarter and individual-level covariates (age, gender, employment status, race/ethnicity, household income, educational attainment and marital status). §Model 3 includes fixed effects for MMSA and quarter, individual-level covariates (age, gender, employment status, race/ethnicity, household income, educational attainment and marital status) and incorporates MMSA-specific temporal trends represented by the product of the MMSA fixed effect and a continuous indicator for quarter. ¶Model 4 includes fixed effects for MMSA and quarter, individual-level covariates (age, gender, employment status, race/ethnicity, household income, educational attainment and marital status) and lags the unemployment rate by one-quarter. **Coefficients represent predicted effects of a one percentage-point increase in the quarterly MMSA-level unemployment rate on health behaviours. BMI, body mass index; BRFSS, Behavioral Risk Factor Surveillance System; MMSAs, Metropolitan Statistical Areas and Metropolitan Divisions. . †Model 1 includes gender-specific fixed effects for MMSA and quarter, controls for individual age, and includes a product term between gender and the unemployment rate. ‡Model 2 includes gender-specific fixed effects for MMSA and quarter, individual-level covariates (age, employment status, race/ethnicity, household income, educational attainment and marital status) and a product term between gender and the unemployment rate. §Model 3 includes gender-specific fixed effects for MMSA and quarter, individual-level covariates (age, employment status, race/ethnicity, household income, educational attainment and marital status), allows for gender and MMSA-specific temporal trends represented by the product of gender, the MMSA fixed effect and a continuous indicator for quarter, and includes a product term between gender and the unemployment rate. ¶Model 4 includes gender-specific fixed effects for MMSA and quarter, individual-level covariates (age, employment status, race/ethnicity, household income, educational attainment and marital status) and a product term between gender and the unemployment rate lagged by one-quarter. **Coefficients represent predicted effects of a one percentage-point increase in the quarterly MMSA-level unemployment rate on health behaviours. † †pValues represent the significance of the interaction between gender and the unemployment rate or the lagged unemployment rate. BMI, body mass index; BRFSS, Behavioral Risk Factor Surveillance System; MMSAs, Metropolitan Statistical Areas and Metropolitan Divisions. †Results are from a model that includes employment status, specific fixed effects for MMSA and quarter, individual-level covariates (age, gender, employment status, race/ethnicity, household income, educational attainment and marital status) and a product term representing the interaction between the unemployment rate and individual-level employment status. ‡Coefficients represent predicted effects of a one percentage-point increase in the quarterly MMSA-level unemployment rate on health behaviours. BMI, body mass index; BRFSS, Behavioral Risk Factor Surveillance System; MMSAs, Metropolitan Statistical Areas and Metropolitan Divisions.
account for it by including MMSA and quarter fixed effects in our regressions, as well as MMSA-specific time trends. Additionally, it is unlikely that many unmeasured factors, such as cigarette taxes, fluctuated with economic conditions. Third, we used established measures of economic conditions, specifically the unemployment rate and employment population ratio. It is possible that these measures are removed from the everyday experience of individuals and may not represent the most relevant indicators of economic conditions in relation to health outcomes. Future work should investigate whether other features of the Great Recession, including the pervasive impact on the crisis on the housing market, affected health behaviours and other outcomes. There has been speculation over the predicted effects of the Great Recession on health behaviours and population health outcomes. If the recent recession was associated with a modest improvement in population health, then health behaviours, particularly alcohol consumption, may play a mediating role. However, our estimates are inconsistent with the results that we would expect if the Great Recession had a substantial effect on mortality that was mediated by health behaviours, potentially implicating other mechanisms.
Additional work investigating the consequences of recessions on conditions affecting health, morbidity and mortality is warranted. First, alternative measures of the economic environment besides gross domestic product and unemployment, such as the prevalence of home foreclosures in the local area that was characteristic of the recent recession, should be considered. Second, future work should explore whether the effect of economic conditions on health is modified by the severity of crises or the effectiveness of public policy responses to crises, as has been suggested elsewhere. 25 Third, cohort data with information on incident job loss should be used to test the 'inhibition hypothesis'.
What is already known on this subject ▸ The adoption of healthier behaviours is hypothesised to explain observations that recessions may be associated with improvements in population health. ▸ However, the effect of economic conditions on health behaviours remains unclear.
What this study adds
▸ This study estimated the effects of the local unemployment rate on health behaviours in the USA during the recent 'Great Recession'. ▸ We found that the unemployment rate was associated with a small decrease in alcohol use; however, the effects of the recession on other health behaviours were largely null. ▸ Our results are inconsistent with the findings that would be expected if the Great Recession had effects on mortality mediated by changes in health behaviours.
